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(54) Disk drive with embedded data encryption 

(57) An improved disk drive (DD 1 ) is described in 
which an encryption/decryption circuit (4) is provided, 
connected to read/write means (9,13) of the drive, for 
encrypting data to be written onto, and decrypting data 
to be read from, the disk(s) (11). The drive control in- 
cludes permanent security control features for restrict- 
ing read/write access to the disk(s) (11) via the encryp- 



tion/decryption circuit, for at least the data content of da- 
ta files to be written thereto or read therefrom. Pass- 
word-dependent security control is also provided which 
activates the encryption/decryption circuit only in re- 
sponse to receipt of a valid password input by a user, 
so that read/write access to the disk(s), in relation to at 
least the data content of data files, is restricted to hold- 
ers of a valid password. 
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Description 

[0001] The present invention relates to data security 
in computer systems and, more specifically, to the field 
of data encryption for data security purposes. In partic- 
ular, the present invention concerns a disk drive having 
a data encryption/decryption facility built into the drive 
itself. 

[0002] The need for protecting data stored on compu- 
ter systems is a wide-ranging issue. Computer hackers, 
destruction of data by viruses, loss of computer equip- 
ment and the theft of data are commonplace. The nature 
of data stored in computer files can be such that its loss 
or disclosure can be financially, politically or personally 
damaging. Consequently there have been many data 
protection systems proposed which address these is- 
sues, many of these involving some form of data encryp- 
tion. 

[0003] Data encryption involves changing data in a 
controlled manner to make it unreadable in its encrypted 
state. Only by reversing the encryption process can the 
original data be recovered. There are many methods of 
encrypting data. They are invariably based on mathe- 
matical algorithms which are easily implemented in 
computer systems. As a result there is a wide choice of 
software available to perform data encryption. The very 
action of rendering data unreadable is generally suffi- 
cient to make it secure. The fact that encrypted data may 
be accessible to anyone is of little concern so long as 
no one can decrypt it and read it. 
[0004] Typically, software encryption methods do not 
operate automatically in real time. They rely on the user 
making a conscious decision to encrypt certain chosen 
files and are thus dependent on procedures and on the 
discipline of the user. Difficulties may arise as a result 
of a computer operating system performing a task of 
which the user is entirely unaware. For example, a soft- 
ware application, such as word processing, may, on its 
own, create a backup copy of a file or a temporary file 
that the user may access if required. Unfortunately, 
these extra file copies pose a risk from a security point 
of view since backup files and temporary files can be 
overlooked when an instruction is given to encrypt the 
primary file. Operating systems can also make copies 
of data as a safeguard against system failure. Files 
(called core dumps) consisting of the contents of the 
computer memory at the time of the system failure are 
written to the system disk drive. By examination of the 
core dump, information can be retrieved concerning the 
data being operated on at the time of the system failure. 
[0005] Another problem with backup files, temporary 
files and core dumps is that they can remain stored on 
the system following a reboot after a system failure. Sys- 
tem backups are frequently carried out and archive 
records can contain copies of the data either in its orig- 
inal form or in backup, temporary or dump form. This all 
contributes to the possibilities of uncontrolled copies of 
the data existing in an unencrypted state on the compu- 



ter system. 

[0006] Virtually all computer systems store data on 
hard disk drives with storage capabilities ranging from 
around 100 megabytes to several gigabytes. These 
5 drives are used to store a wide variety of information, 
including operating system software, application pack- 
ages, user files, databases, backup files, temporaryfiles 
and such like. As described above, whether or not this 
information is in encrypted form depends on the user's 
10 requirements and diligence. 

[0007] It is an aim of the present invention to avoid or 
minimise one or more of the foregoing disadvantages. 
More specifically, but not exclusively, it is an aim of the 
present invention to remove the onus from the user to 
is ensure that all files that should be protected by means 
of encryption are so protected. 
[0008] Accordingly, the present invention provides an 
improved disk drive having: at least one hard disk; drive 
control means for controlling operation of the drive; and 
20 read/write means for reading data from, and writing data 
onto, said at least one hard disk; wherein the improve- 
ment comprises the provision of encryption/decryption 
means, connected to said read/write means, for en- 
crypting data to be written onto, and decrypting data to 
25 be read from, said at least one hard disk; said drive con- 
trol means including permanent security control means 
formed and arranged for restricting read/write access to 
said at least one hard disk via said encryption/decryp- 
tion means, for at least the data content of data files to 
30 be written thereto or read therefrom, and password-de- 
pendent security control means formed and arranged 
for receiving user input password data, comparing said 
user input password data with predetermined password 
data stored in said password-dependent security control 
35 means, and for activation of said encryption/decryption 
means only in response to receipt of a valid password, 
whereby read/write access to said at least one hard disk, 
in relation to at least the data content of data files, is 
restricted to holders of a valid password. 
40 [0009] An advantage of the present invention is that 
the encryption/decryption means is a part of the disk 
drive itself. It is not provided as a separate module or 
card for attaching to the drive or host system for the 
drive, such modules and cards often being capable of 
45 being by-passed or removed by a user, who might be 
an authorised or unauthorised user. 
[001 0] Preferably, the encryption/decryption means is 
provided in integrated circuitry in the disk drive. 
[0011] Advantageously, the disk drive is a removable 
so disk drive. The disk drive may also be a miniature disk 
drive. Thus, the disk drive may, for example, be a 1 .8 
inch removable disk drive which conforms to PCMCIA 
standards (Type III). The advantage of a removable 
drive is that the drive may be removed from the host 
55 system and taken to a secure storage place when not 
in use, the encryption/decryption means in the drive thus 
also being removed from the host system. Moreover, the 
drive could subsequently be installed in a different host 
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system, the encryption/decryption means in the drive 
enabling data stored on said at least one hard disk there- 
of to be decrypted and read, and/or new data to be writ- 
ten thereon in encrypted form, while the drive is used in 
the new host system. The invention thus provides great- 5 
er flexibility for a user while maintaining secure data 
storage. 

[0012] The password-dependent security control 
means may conveniently be incorporated, at least part- 
ly, in a microprocessor (provided in the drive) which is 10 
linked to the encryption/decryption means, and may al- 
so be partly included in the encryption/decryption 
means itself, and may further include a dedicated pass- 
word input device e.g. a security key interface device, 
such as, for example, a card reader for reading pass- is 
word data from a card inserted thereinto. The security 
key interface device is generally connected to the mi- 
croprocessor and/or encryption/decryption means for 
controlling operation of the drive e.g. in relation to the 
read/write means thereof. 20 
[0013] The microprocessor is preferably formed and 
arranged to be responsive to commands issued from the 
host system and is conveniently programmed to: extract 
a password from a password input means provided ex- 
ternally to the drive (e.g. the host keyboard or a dedi- 
cated password input device) and connected, directly or 
indirectly, thereto; load the password extracted there- 
from into the encryption/decryption means; and to re- 
ceive a password evaluation signal (indicating accepta- 
bility or otherwise of the user input password) issued by 
the encryption/decryption means in response to the 
password. Said predetermined password data is prefer- 
ably stored in the encryption/decryption means which is 
preferably adapted to issue a first ("acceptance") pre- 
determined password evaluation signal if said user input 
password data matches said predetermined password 
data stored therein, and preferably also to issue a sec- 
ond ('rejection") predetermined password evaluation 
signal if said input password data does not match said 
stored password data. The microprocessor is preferably 
programmed to activate the encryption/decryption 
means if the password evaluation signal received from 
the latter means matches a predetermined password 
evaluation signal programmed into a memory of the mi- 
croprocessor means, and to maintain the encryption/de- 
cryption means in a deactivated state if the password 
evaluation signal received from the encryption/decryp- 
tion means does not match said pre-programmed pass- 
word evaluation signal. Naturally the encryption/decryp- 
tion means could be integrated with the microprocessor, 
if desired. 

[0014] The permanent security control means of the 
drive may be implemented in hardware and/or firmware 
and/or software and may, conveniently, be at least par- 
tially provided as code pre-programmed into the micro- 
processor of the disk drive. Advantageously, the perma- 
nent security control means is adapted to restrict read/ 
write access to the disk or disks by causing all data to 



be written to, and all data to be read from, the disk(s) to 
be routed through the encryption/decryption means. Al- 
ternatively the permanent security control means may 
only cause some data to be routed through the encryp- 
tion/decryption means, for example only the data con- 
tent of data files and not the address content of said data 
files. In its activated state, the encryption/decryption 
means advantageously encrypts all data routed there- 
through from the permanent security control means. 
The encrypted data from the encryption/decryption 
means is then written onto the disk(s) via the read/write 
means. The activated encryption/decryption means al- 
so decrypts all encrypted data read from said dtsk(s) by 
the read write means. The decrypted data is returned to 
the host system (in which the drive is installed). For the 
avoidance of doubt, in its deactivated state the encryp- 
tion/decryption means does not carry out any encryption 
or decryption. 

[001 5] Preferably, the encryption/decryption means is 
formed and arranged such that, in its deactivated state, 
no data can pass therethrough. Consequently, where 
the permanent security control means is adapted to 
route all data to be written to, or read from, the disk(s) 
through the encryption/decryption means, if the encryp- 
tion/decryption means is in its deactivated state no data 
can be written to or read from the disk(s), whether in 
encrypted form or otherwise. 
[0016] Whether the permanent security control 
means causes all, or only some, of the data written onto 
and read from the drive to be routed through the encryp- 
tion/decryption means is preferably controlled by the 
drive manufacturer who programs the permanent secu- 
rity control means accordingly (e.g. with appropriate 
software or firmware code) during manufacture of the 
drive. 

[0017] According to another aspect of the invention 
we provide a data access security control system for a 
computer, the system comprising a disk drive of the 
present invention which is provided with a security key 
interface device, and a discrete security key component 
for interengaging, in use, with the security key interface 
device. 

[0018] The discrete security key device may conven- 
iently comprise a portable key card which contains user 
input password data for inputting to the password-de- 
pendent security control means of the drive, via the se- 
curity key interface device provided as part of the data 
access security control system. The security key inter- 
face device may be provided in the disk drive itself or 
may, alternatively, be provided in a host computer in 
which the drive is installed. Thus, said security key in- 
terface may comprise a part of, or may alternatively be 
formed and arranged for electrical connection to, the 
password-dependent security control means of the 
drive. The portable key card may include a TROM 
(Touch Read Only Memory) for contacting an input/out- 
put port of the security key interface device, said TROM 
containing said user input password data. 
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[0019] The user input password data may comprise 
one or more security passwords. The user input pass- 
word data may comprise encryption algorithm data for 
use by the encryption/decryption means in the encryp- 
tion and decryption of data passing therethrough. 
[0020] According to a yet further aspect of the inven- 
tion, we provide an improved drive for removable mass 
storage devices such as floppy disks, compact discs 
(CDs) or magnetic tapes, the drive having: mass storage 
device engaging means for engaging at least one re- 
movable mass storage device; drive control means for 
controlling operation of the drive; and read/write means 
for reading data from, and writing data onto, said at least 
one mass storage device engaged in said engaging 
means in use of the drive; wherein the improvement 
comprises the provision of encryption/decryption 
means, connected to said read write means, for encrypt- 
ing data to be written onto, and decrypting data to be 
read from, said at least one mass storage device; said 
drive control means including permanent security con- 
trol means formed and arranged for restricting read/ 
write access to said at least one mass storage device 
via said encryption/decryption means, for at least the 
data content of data files to be written thereto or read 
therefrom, and password-dependent security control 
means formed and arranged for receiving user input 
password data, comparing said user input password da- 
ta with predetermined password data stored in said 
password-dependent security control means, and for 
activation of said encryption/decryption means only in 
response to receipt of a valid password, whereby read/ 
write access to said at least one mass storage device, 
in relation to at least the data content of data files, is 
restricted to holders of a valid password. 
[0021] Preferred embodiments of the invention will 
now be illustrated by way of example only and with ref- 
erence to the accompanying drawings in which: 

Fig.1 is a block diagram illustrating a conventional 
disk drive; 

Fig.2 is block diagram illustrating a disk drive ac- 
cording to the present invention; 
Fig.3 illustrates timing waveforms used in operation 
of the drive of Fig.2; and 

Fig. 4 is a flow diagram illustrating the operation of 
the drive of Fig.2. 

[0022] In a typical conventional computer a host sys- 
tem writes data to a disk drive in the form of a file. This 
file is typically transferred in 512 byte packets until the 
whole file is successfully written to the disk drive. The 
actual disks within the disk drive are formatted using ar- 
eas of control information which are necessary for the 
drive control circuitry to locate specific locations called 
sectors where the 512 byte packets are stored. There 
may also be areas of defective storage space which are 
identified as bad sectors and avoided by the drive con- 
trol circuitry. The format operation implements the ge- 



ometry of the drive, that is, the number of cylinders 
(tracks at a particular radius common to all disk surfac- 
es), heads and sectors and is used to achieve the spec- 
ified storage capacity, normally expressed in megabytes 

5 (millions of bytes). 

[0023] Fig. 1 illustrates schematically in block diagram 
form a conventional disk drive system DD. The various 
components of the drive will now be described with ref- 
erence to the operation of the drive. The drive DD incor- 

10 porates a microprocessor 3 which includes hardware 
and firmware for performing DSP (digital signal process- 
ing) as well as drive control functions such as read/write 
control, self-test control, ADC (analog to digital convert- 
er) and DAC (digital to analog converter), servo control 

is and host interface control. A servo de-modulator 7 is 
connected to and controlled by the microprocessor 3. 
The servo de-modulator 7 is a custom mixed signal 
ASIC (application specific integrated circuit) and com- 
municates with and controls data channel circuitry 8 via 

^0 which read/write data is transferred from/to one or more 
read/write heads 13 which read/write data from/to one 
or more respective disks 11 of the drive. The servo de- 
modulator 7 is also I in ked to and controls the VCM (voice 
coil motor) of the drive and the spindle (both indicated 

25 by block 9 in Fig. 1 ) in which one or more disks 11 of the 
drive are mounted. The spindle is driven by a motor 14 
provided in the drive. 

[0024] The act of recording (storing or writing) infor- 
mation on the disk drive involves a number of steps 
30 which are primarily aimed at two areas of operation, the 
first being the control of orderly writing of the data to the 
various sectors on the disks and the second being the 
conversion of the binary string of file data into an alter- 
native sequence of binary digits suitable for the magnet- 
os jc recording operation itself. This latter operation uses 
a circuit called an encoder for writing and a decoder for 
read-back and generally converts customer data (nor- 
mally in the binary form of Non Return to Zero or NRZ) 
into a so-called Run Length Limited code such as MFM 
40 (modified frequency modulation), 1,7 RLL or 2,7 RLL 
The encoder/decoder circuitry is included in the micro- 
processor 3. The timing and orderly control of the incom- 
ing data is often managed by a device known as a se- 
quencer 2 which clocks the data in and out of a tempo- 
45 rary location on the drive known as a buffer 1 . The buffer 
is loaded with data from the host (via a host interface 
10) when there is space available in the buffer and the 
host has data to write to the drive. The sequencer re- 
moves data from the buffer and presents it to the encod- 
so er in the microprocessor 3 for encoding after which it 
may be written to the disks. Space is then made avail- 
able in the buffer and the process is repeated until all 
the data from the host has been written to the drive. The 
same principle can be used in reverse to read data from 
55 the drive. The sequencer retrieves the decoded data 
from the disks and loads it sequentially into the buffer. 
The data can then be transferred to the host, again in 
packets of 51 2 bytes. This process may be repeated un- 
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til the whole file has been read from the drive. 
[0025] Software code which is used by the DSP in the 
microprocessor 3 is stored in an EPROM 12 (erasable 
programmable memory) in the drive, which EPROM 12 
may also receive data, and address data, from the mi- 
croprocessor 3 and the sequencer (via an eight bit data 
bus DB[7..0] and an address bus AD[15..0]), and send 
control information to the microprocessor and servo de- 
modulator, during use of the drive, as indicated in Fig.1 . 
[0026] The current invention is a disk drive which op- 
erates substantially as described above but where the 
data presented by the host is encrypted into alternative 
form on the drive itself prior to being processed through 
the encoder and written to the disk. In a reciprocal way, 
the (encrypted) data stored on the disk is read back in 
the normal way through the decoder and is decrypted 
prior to being transferred to the host. 
[0027] The encryption is performed in hardware and 
does not rely on user intervention. Any data read from 
the drive is automatically decrypted. To fully protect the 
data, the drive must be placed in an enabled state where 
the encryption/decryption function will operate. On pow- 
er up, the drive is in the disabled state and is placed in 
the enabled state by inputting a numerical key that acts 
like a password. The numerical key is authenticated by 
the encryption hardware on the drive. If the numerical 
key is valid read/write access to the drive is granted, but 
if the numerical key is invalid then such access is de- 
nied. 

[0028] An important feature of the invention as de- 
scribed below is that all data written to the drive is au- 
tomatically encrypted. As a result, operating system 
software and software applications will be encrypted at 
the time they are installed onto the drive. User data, 
back up files, temporary files and any core dumps will 
also be encrypted. The responsibility to encrypt data has 
been assumed by the drive rather than the user. Since 
the encryption process is fully implemented in the hard- 
ware of the drive, there is no requirement for additional 
software or hardware to be added to the computer sys- 
tem. 

[0029] All the electronics required to perform the en- 
cryption and decryption functions are built into the disk 
drive. This produces a self contained solution. Any sys- 
tem that interfaces to a hard disk drive can in principle 
be used with this invention and there is no requirement 
for modifications to the host system, nor additional op- 
erating system software or applications software. 

The Data Encryption Device (DED) 

[0030] Fig. 2 is block diagram of a disk drive DD 1 ac- 
cording to the present invention. Like components to 
those described with reference to the drive of Fig.1 are 
indicated by like reference numerals. The drive incorpo- 
rates an integrated circuit 4 referred to as a Data En- 
cryption Device or DED. The DED is capable of encrypt- 
ing data input thereto and decrypting encrypted data in- 



put thereto. The DED must be enabled to allow a user 
access to the date. In its disabled state, no access is 
allowed by the host to the stored data. To enable the 
DED, a string of up to sixteen ASCII characters must be 

5 input to the DED. This string is referred to as a Crypto 
Variable or CV and consists of a data key and a check- 
sum. The data key is a string of up to 13 hexadecimal 
values, each in the range OOh to FFh. The checksum is 
three bytes in length and is a linear function of the con- 

10 tents of the data key. A higher level of security may be 
achieved if, after the CV is loaded, a further eight ASCII 
characters are input. These eight ASCII characters are 
referred to as an Initialisation Vector or IV. 
[0031] The DED can operate in several modes: 

15 

ECB - Electronic Code Book 
CBC - Chain Block Ciphering 

Pipeline 

20 ECB requires only the CV to be loaded to enable the 
disk drive. Once the CV is loaded into the DED, initial 
circuitry in the DED verifies that the CV is valid. This is 
done by means of a comparison (between the loaded 
CV and a predetermined CV stored in the DED) carried 

25 out in the DED. The CV acts partly as a password and 
as the starting point of the encryption algorithm. Follow- 
ing the validation of the first C V, a second CV, previously 
encrypted by the first CV during manufacture of the drive 
and stored in an encrypted state in the EPROM 12 of 

30 the drive, is then automatically loaded into the DED. It 
is decrypted and used as part of the algorithm to encrypt 
and decrypt data from and to the host. 
CBC (and pipeline mode) require both a CV and an IV 
to be loaded in order to enable the drive. The IV would 

35 be a string of characters unique to the particular drive, 
perhaps including the serial number. The process is sim- 
ilar to that just described but an additional level of secu- 
rity is provided. In this case, the encryption algorithm for 
each sector of data will be based on the internal CV and 

40 an internal IV unique to the drive and that sector. This 
internal IV would be typically based on the input IV (itself 
depending on the drive serial number, for example) and 
on the logical block address of the sector in question. 
An advantage of this approach arises when identical da- 

45 ta is written to each sector since the resulting encrypted 
data will differ sector by sector, making it more difficult 
to decode the encrypted data. 
[0032] The CV is provided in a user password input 
key card 6b separate from the disk drive. Separately, 

so the drive and the CV key card are useless and can be 
treated as low risk items. The stored data is secure. (To- 
gether they may be recognised as a higher risk and the 
stored data may be accessible). 
[0033] The implementation of the invention illustrated 

55 in Fig.2 is based on a 1 .8 inch removable hard disk drive 
which can operate in both PCMCIA and ATA - IDE inter- 
face mode. A sequencer 2 is used to control the transfer 
of data between the one or more hard disks 11 of the 
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drive, and the host system interface 1 0 (to host system), 
via a buffer 1 in the form of an SRAM. A microprocessor 
3 controls all responses to the commands of the host 
system. 

[0034] Data is transferred between the host 9 and the 
disk drive via the buffer or SRAM 1 (Sony 
CXK581000ATM, 128Kbyte x 8brt) under the control of 
the sequencer 2 (Zilog Z86018). The sequencer 2 also 
transfers the data from the SRAM to disks 11. The mi- 
croprocessor 3 (Zilog Z8C95) executes a control pro- 
gram (stored as code in the microprocessor 3) to re- 
spond to host commands. The DED 4 (MA269) is used 
to encrypt and decrypt the data. The control logic re- 
quired to interface the microprocessor 3 to the DED 4 is 
achieved via a complex programmable logic device 5 or 
CPLD (Cypress CY7C374i). In the present embodi- 
ment, a serial data line links a microprocessor input/out- 
put port to a contact for a touch ROM or TROM 6a (Dal- 
las Touch ROM DS1994) which stores the CV and al- 
lows it to be loaded. The TROM is held in a user key 
card 6b. The TROM 6a is a small hermetically sealed 
can containing control logic and an area of E2PROM 
and is passively powered from the single data line and 
return, i.e. from the disk drive. The supply current is so 
low that the output drive current from the microproces- 
sor 3 is sufficient to power the device. 

The DED Interface 

[0035] The particular implementation described here 
is CBC. The CV and IV are both loaded from the TROM 
6a and the CV is authenticated to place the drive into 
the enabled state. The DED 4 is controlled by com- 
mands sent from the microprocessor 3 across an eight 
bit data bus DB[7..0], and a control signal generated by 
the CPLD 5 is issued to validate each command. This 
control signal is referred to as the master address strobe 
[MAS] and is triggered by decoding the address to which 
the microprocessor 3 sends the command. The com- 
mand is validated on the falling edge of this control sig- 
nal. This is illustrated schematically in Fig. 3. There are 
three control signals used in interfacing to the DED, 
namely the MAS and two other signals called MDS and 
SDS described below. The three signals are a product 
of the address that commands or data they control are 
written to, and a function of time triggered from the ad- 
dress strobe of the microprocessor 3. The applicable 
commands are: 

Load CV - this is the authorisation procedure 

Load IV - this is used in CBC and pipeline mode to 

further encrypt the data to achieve a higher 

security level 
Start - will start the encrypt/decrypt process. 
Stop - will stop the encrypt/decrypt process. 

[003S] The DE D has a master port 20 and a slave port 
22 both of which interface to the eight bit data bus DB 



[7..0]. There is a master port control signal called the 
Master Data Strobe [MDS] and a slave port control sig- 
nal called the Slave Data Strobe [SDS]. These two sig- 
nals validate the data on the data bus, the data being 

5 valid on the falling edge of the control signal. Unencrypt- 
ed data is always accessed via the master port 20 gated 
with the MDS while encrypted data is accessed via the 
slave port gated with the SDS. The DED has two internal 
buffers called the input buffer and the output buffer. Each 

10 buffer is an eight byte cyclic storage unit. Data is loaded 
into the input buffer via either the master port orthe slave 
port. When the input buffer is full the encryption algo- 
rithm operates and encrypts or decrypts the data de- 
pending on which port was used to load the input buffer. 

'5 The output buffer contains the processed data. The in- 
put buffer, output buffer, mode control and command 
control of the DED can be thought of as registers which 
are assigned addresses in the microprocessor memory 
map. The microprocessor address bus can be used to 

20 access the registers and the data bus can be used to 
write data to and read data from these registers. The 
CPLD 5 is used to provide data bus buffering when ac- 
cessing either the master port 20 or the slave port 22. 
When the microprocessor 3 addresses the DED 4, ad- 

25 dress decode logic in the CPLD generates a chip enable 
signal. Further address decoding in conjunction with the 
Address Strobe and the Data Strobe from the micro- 
processor generates one of MAS, MDS SDS depending 
on the operation. These three signals are referred to as 

30 the 'strobes', (see Figure 3). 

[0037] A START command must be sent in order to 
write to the input buffer in the DED. A byte of data must 
be written to a port in the DED and a control signal must 
be issued. The data is clocked-in on the falling edge of 

35 this control signal. This cycle is repeated until all the da- 
ta has been written to the port. Each time the input buffer 
is full the encryption/decryption function is automatically 
executed, the input buffer is available for re-loading and 
the output buffer is loaded with the processed data. 

40 [0038] On a host write operation, the SRAM 1 is load- 
ed with the data. The data is transferred from the SRAM 
in eight byte packets to the DED where it is encrypted. 
The Cipher Text (encrypted data) is written back to the 
same location in the SRAM. This process continues until 

45 the data in the SRAM has been encrypted. The se- 
quencer 2 is then started and the Cipher Text is written 
to the disks 11. This process is repeated until there is 
no more host data to write to the drive. 



[0039] In the present embodiment, the CV is loaded 
into the TROM 6a. Protruding through one end of the 
disk drive is a spring-loaded pin which is insulated from 
55 the base and connected directly to an input/output pin 
on the microprocessor 3. The location of this pin is such 
that it is accessible when the drive is inserted into a host. 
With the drive correctly inserted into a host, a TROM 6a 
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can be brought in contact with the pin and the drive base 
and a data path established. The microprocessor 3 con- 
stantly monitors this pin for the presence of a TROM. 
When a TROM is detected, a command is sent to the 
control logic of the TROM to open a data path. A protocol s 
is entered by the microprocessor to extract the CV data 
from the TROM. The CVdata is read into the microproc- 
essor and then loaded into the DED 4. If the CV is 
deemed to be valid, it is used to decrypt a hidden data 
string stored on the disk drive. The decrypted form of to 
this string is a second CV, which is loaded into the DED 
along with an IV unique to each disk drive. Assuming 
the CV is authenticated, the DED will be placed in the 
enabled state. A control (or "evaluation" signal), herein- 
after referred to as the "Alarm Signal", will be sent back is 
to the microprocessor 3 to verify that this operation is 
complete. This control signal is connected to a Light 
Emitting Diode [LED] to inform the user of the state of 
the drive. The microprocessor 3 will then stop monitor- 
ing the input/output line for any further TRQM devices. 20 

Operation of the Disk Drive 

[0040] The disk drive storing encrypted data is insert- 
ed into the host system. The interface to the host is es- 2s 
tablished (via the host interface 10 of the drive) and the 
drive starts to monitor for the presence of a TROM. Only 
host commands that do not attempt to start the drive mo- 
tor (for rotating the disks 11) of the drive are accepted 
until the CV has been loaded and authenticated. This is 
because any attempt by the host to access data on the 
drive will result in the host operating system being una- 
ble to recognise the drive, due to the fact that the File 
Allocation Table and Directory structure are also stored 
in an encrypted state, and in the disabled state these 
are unreadable. The user must bring the TROM 6a into 
contact with the drive until the enable state is entered, 
which may take up to 300 milliseconds. 
[0041] On a host read operation to read a file, the se- 
quencer 2 will retrieve the encrypted file data from the 
disks 11 (via the VCM, spindle 9, motor 14 and read/ 
write heads 1 3) and load it into the SRAM 1 . From the 
SRAM the data is transferred in eight byte packets to 
the DED where it is decrypted. The plain text is then 
transferred back to the SRAM and is transferred to the 
host when the SRAM is full. Space is then made avail- 
able in the SRAM. This process continues until the 
whole file has been read. 

[0042] On a host write operation, the plain text is 
transferred from the host to the SRAM 1 via the host 
interface 10 and sequencer 2. The data in the SRAM is 
transferred in eight byte packets to the DED 4 where it 
is encrypted. Once all the data in the SRAM has been 
encrypted, the sequencer 2 will transfer the cipher text 
from the SRAM to the disks 11 . Space is made available 
in the SRAM. If more host data is available, it is trans- 
ferred to the SRAM and the process is repeated. 
[0043] When power is removed from the drive, the CV 



is lost from the DED and, as a result, the drive is put into 
the disabled state. On reconnection of power, the CV 
loading and authentication process must be repeated in 
order to enable the drive. 

[0044] Fig.4 is a flow diagram illustrating the opera- 
tion of the drive authentication process. The hard disk 
drive (HDD) is first inserted into the host system, which 
system, if it detects the presence of the HDD, lights the 
LED (which is visible to the user). If the LED is not lit, 
the user must check that the HDD is inserted correctly, 
and that the LED is therefore lit, before proceeding any 
further. Once the LED is lit, the user brings the TROM 
keycard into contact with the spring-loaded pin (con- 
nected to the microprocessor). Once the CV has been 
authenticated, the DED is put into its enabled state (for 
encryption/decryption) and the LED is switched off (i.e. 
unlit). If the CV is not authenticated, the LED remains 
on and the user must go back to the first step and insert 
a valid HDD. 

[0045] In principle, there are many valid CVs that can 
be used to enable a drive (of the order of ten to th e power 
fifteen). However, only the CV that was used to encrypt 
data can be used to decrypt it and, in practice, this would 
be the CV used in manufacture of the particular drive. 
[0046] If two similar encrypting disk drives, each op- 
erating in CBC, are enabled using the same CV, the re- 
sult will be two unique, secure products since the IV is 
unique to each drive. Even if identical data was written 
to each drive, the encrypted data would be different. 
[0047] Any attempts to recover data by, for example, 
removing disks from the encrypting drive and examining 
them in a non-encrypting drive or by an alternative ex- 
amination of magnetic patterns on the disk surfaces 
would only result in the encrypted data being read. Due 
to the complexity of the encryption algorithms em- 
ployed, and the use of the CBC mode of operation of 
the DED, the encrypted data may be considered as safe. 
The time and effort required to decode the encrypted 
data is prohibitive. 

[0048] The 1 .8 inch disk drive can be used either as 
a secondary storage device, storing only user files, or 
as the primary storage device, holding operating system 
software and other applications, as well as user files. It 
can be the boot drive of a system. Embedding the data 
encryption facility into this type of drive creates a system 
with a very high level of data security. Not only is all data 
automatically stored on the drive in encrypted form but 
the drive is designed to be removed and hence may be 
taken to a safe physical location for additional security. 
[0049] It will be appreciated that the present invention 
is applicable not only to (removable) hard disk drives 
conforming to PCMCIA standards, but is applicable to 
all types of hard drives, including permanent (non-re- 
movable) drives, using a variety of intelligent interfaces 
including SCSI (small computer systems interface). 
[0050] It will further be appreciated that the present 
invention is also applicable to drives for removable mass 
storage devices, for example, floppy disk drives, CD- 
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ROM drives, magnetic tape drives. For such drives, the 
modifications to the relevant conventional drive circuitry 
necessary to achieve the invention would be substan- 
tially similar to the modifications incorporated in the 
drive of Fig. 2 as described in relation to the conventional 
hard drive circuitry of Fig.1 . However, it will be appreci- 
ated that in the case of a removable mass storage de- 
vice, e.g. a floppy disk onto which data has been written 
in encrypted form and which has subsequently been re- 
moved from the floppy drive, that device can only be 
subsequently read by inserting it back into the same 
(floppy) drive, or alternatively an identical drive (having 
an identical DED and the same CV and IV). 



Claims 

1. An improved disk drive (DD^having: at least one 
hard disk (1 1 ); drive control means (3,5,7,8) for con- 
trolling operation of the drive; and read/write means 
(9, 1 3,1 4) for reading data from, and writing data on- 
to, said at least one hard disk; wherein the improve- 
ment comprises the provision of encryption/decryp- 
tion means (4), connected to said read/write means, 
for encrypting data to be written onto, and decrypt- 
ing data to be read from, said at least one hard disk; 
said drive control means including permanent se- 
curity control means (3,5) formed and arranged for 
restricting read/write access to said at least one 
hard disk via said encryption/decryption means, for 
at least the data content of data files to be written 
thereto or read therefrom, and password-depend- 
ent security control means (3,4) formed and ar- 
ranged for receiving user input password data (CV), 
comparing said user input password data with pre- 
determined password data stored in said password- 
dependent security control means, and for activa- 
tion of said encryption/decryption means only in re- 
sponse to receipt of a valid password, whereby 
read/write access to said at least one hard disk, in 
relation to at least the data content of data files, is 
restricted to holders of a valid password. 

2. A disk drive according to claim 1 , wherein said en- 
cryption/decryption means is provided in integrated 
circuitry in the disk drive. 

3. A disk drive according to claim 1 or claim 2, wherein 
the disk drive is a removable disk drive. 

4. A disk drive according to any preceding claim, 
wherein the drive includes a microprocessor (3) 
which is linked to the encryption/decryption means 
(4), and said password-dependent security control 
means is incorporated, at least partly, in said micro- 
processor. 

5. A disk drive according to claim 4, wherein said pass- 



word-dependent security control means is incorpo- 
rated partly in said encryption/decryption means 
(4). 

5 6. A disk drive according to claim 4 or claim 5, wherein 
said password-dependent security control means 
further includes security key interface means for in- 
terfacing, in use of the drive, with discrete security 
key means (6a,6b) provided externally to the drive 

10 and which contains user input password data (CV). 

7. A disk drive according to claim 4, wherein said mi- 
croprocessor (3) is formed and arranged to be re- 
sponsive to commands issued from a host system 

is (9) in which the disk drive is used, and is pro- 
grammed to: extract a password (CV) from a pass- 
word input means (6a,6b) provided externally to the 
drive and connected, directly or indirectly, thereto; 
load the password extracted therefrom into the en- 

20 cryption/decryption means (4) ; and to receive a 
password evaluation signal issued by the encryp- 
tion/decryption means in response to the password. 

8. A disk drive according to claim 7, wherein the pre- 
25 determined password data is stored in the encryp- 
tion/decryption (4) means which is adapted to issue 
a first ('acceptance 11 ) predetermined password 
evaluation signal if said input password data (CV) 
matches said predetermined password data stored 

30 therein. 

9. A disk drive according to claim 8, wherein the en- 
cryption/decryption means (4) is adapted to issue a 
second ("rejection") predetermined password eval- 

35 uation signal if said input password data (CV) does 
not match said stored password data. 

1 0. A disk drive according to claim 8 or claim 9, wherein 
said microprocessor (3) is programmed to activate 

40 the encryption/decryption means (4) if the pass- 
word evaluation signal received from the encryp- 
tion/decryption means matches a predetermined 
password evaluation signal programmed into a 
memory (12) of the microprocessor means, and to 

45 maintain the encryption/decryption means in a de- 
activated state if the password evaluation signal re- 
ceived from the encryption/decryption means does 
not match said pre-programmed password evalua- 
tion signal, and wherein the encryption/decryption 

so means is formed and arranged such that in its acti- 
vated state all data routed therethrough by the per- 
manent security control means is encrypted/de- 
crypted and in its deactivated state no data can 
pass through the encryption/decryption means. 

55 

11. A disk drive according to any of claims 4 to 10, 
wherein said permanent security control means of 
the drive is implemented at least partially as code 
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pre-programmed into the microprocessor (3) of the 
disk drive. 

12. A data access security control system for a compu- 
ter, the system comprising a disk drive (DD 1 ) ac- 5 
cording to claim 1 which is provided with a security 
key interface device, and a discrete security key 
component for interengaging, in use, with the secu- 
rity key interface device, wherein said discrete se- 
curity key component comprises a portable key 10 
card (6b) which contains user input password data 
(CV) for inputting to the password-dependent secu- 
rity control means of the drive, via the security key 
interface device provided as part of the data access 
security control system. 15 

13. A control system according to claim 12, wherein 
said portable key card (6b) includes a TROM (Touch 
Read Only Memory) (6a) for contacting an input/ 
output port of the security key interface device, said 20 
TROM containing said user input password data 
(CV). 

14. An improved drive for removable mass storage de- 
vices, the drive having: mass storage device en gag- 2s 
ing means for engaging at least one removable 
mass storage device; drive control means for con- 
trolling operation of the drive; and read/write means 

for reading data from, and writing data onto, said at 
least one mass storage device engaged in said en- 30 
gaging means in use of the drive; wherein the im- 
provement comprises the provision of encryption/ 
decryption means, connected to said read write 
means, for encrypting data to be written onto, and 
decrypting data to be read from, said at least one 35 
mass storage device; said drive control means in- 
cluding permanent security control means formed 
and arranged for restricting read/write access to 
said at least one mass storage device via said en- 
cryption/decryption means, for at least the data con- 40 
tent of data files to be written thereto or read there- 
from, and password-dependent security control 
means formed and arranged for receiving user input 
password data, comparing said user input pass- 
word data with predetermined password data 45 
stored in said password-dependent security control 
means, and for activation of said encryption/decryp- 
tion means only in response to receipt of a valid 
password, whereby read/write access to said at 
least one mass storage device, in relation to at least so 
the data content of data files, is restricted to holders 
of a valid password. 
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